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Abstract 
 
This dissertation covers the PERT/Cost approach of Project Management. At first, through a 
brief review of the main literature, the basic aspects of Project Management are pointed. 
Afterwards, there is a reference to the PERT/Time approach as well as to BETA distribution and 
other methods for solving short and large projects. However, the main topic, PERT/Cost, is being 
analyzed in theory and in practice through international bibliography and two case studies from 
different economical divisions. The first company is a service provider and the second a 
construction company. Finally, some outcomes and conclusion comments are stated as well as some 
recommendations for further future research. 
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1.1 Introduction 
 
Present is characterized by globalization, rapid technological advancement and thriving IT 
industries. As a result, project management solutions are in demand throughout the world. Project 
management can be considered as a fundamental force to complete projects within a defined scope, 
time and cost constraints. 
In the past few individuals used to manage management tasks, while now it is required 
advance systems and methodological approaches for organization’s decision-making and planning 
implementation. Modern project management systems that are able to deliver innovative solutions 
and its management process possess the latest tools and techniques, systems and schemes with 
scientific evidences and statistical explanations.  
Within this volatile environment and the recession that economies all around the word face 
the last years, it is now more than ever necessary to implement project management’s techniques 
and approaches that can reduce the overall time of the project and will contribute to a more 
effective way of organizing and allocating resources so that cost can be in a desirable level. 
 
1.2 Motivation 
 
During the MSc Management program and course “Operation and Information 
Management” at the first term we have been taught some issues regarding the project management. 
More specifically, prof. Chrissoleon Papadopoulos in his class had incorporated an important unit 
for the project management and the Project Evaluation and Review Technique (PERT) project 
management procedure. In the sessions we have covered in depth issues such as activities, events, 
time, critical path and critical path method. Also, we had got into the construction of networks as 
part of the PERT procedure. 
However, during the program we focused in the time aspect of PERT procedure and the 
critical path and not that much at crashing and cost aspect of PERT. Nowadays, every economy of 
the word faces a huge recession and reduction or at least control of cost is more than ever an 
imperative need for every company. By the crashing procedure the time needed for every activity 
can be reduced by adding recourses; hence, the cost of the project is increased. The optimal might 
be to find the “golden intersection”, i.e. the lowest possible time with the minimum possible cost. 
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1.3 Contribution 
Bigger challenges and the need for increased speed-to-market products and services have 
followed the globalization of the markets. Projects today are larger, more complex and increasingly 
difficult to be managed. Team composition is more diverse and spread across the world. The 
economic crisis pushes work offshore to low price countries chasing reduced cost. 
The dissertation focuses in the PERT/Cost approach as a technique designed to assist in the 
planning, scheduling and controlling of the overall project cost. The aim is to determine the 
optimum time of completion of the project so that the best cost can be achieved in reduced time.  
It is important to see which activities it is necessary to be crashed and which should be 
executed as scheduled at first place, if there is no need to allocate more resources. By crashing 
critical activities it is possible to control the project cost and to maintain cost in a desirable level.  
 
1.4 Overview  
The main literature regarding Project Management in general is being reviewed in Chapter 
2, covering the history of Project Management, what is a Project and what a Project Management as 
well as the project stages – defining, planning, executing, controlling, evaluating and delivering and 
some other topics such as Gantt charts and Critical Chain Project Management. 
In Chapters 3 and 4 more specific aspects of Project Management will be covered; at first an 
introduction to PERT approach regarding time and the steps of that procedure as well as the normal 
distribution. However, we will not insist as the topic has been covered during the class. Afterwards, 
it will be analyzed the BETA distribution and the two methods of solving short and large projects – 
the enumerative and the mathematical programming method. Through graphical representations and 
example we will see the relationship between job duration, direct cost and project duration. 
Chapter 5 introduces us in the PERT/COST approach. Some basic cost categories are 
mentioned and their relationship as well as the three basic ways of accelerating project time – 
outsourcing, overtime and comprise quality. Then, we are entering the terminology and the 
procedure of reducing duration and cost. We will see step by step the crashing procedure and then 
the uncompressing. 
In Chapter 6 there are the two Case Studies – a service provider and a construction 
company. A past or present typical project for each company is used in order for the PERT/COST 
approach to be applied. Through the different specifications of each project we use the theory to 
crash activities and reduce time. 
At the last Chapter, Chapter 7, we analyze the outcomes of the two case studies and make 
some overall conclusion comments and recommendations. 
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2.1 History of Project management 
 
The history of Project Management goes back to the dawn of civilization and can be 
associated with the construction of the Egyptian Pyramids and the Great Wall of Chine. Modern 
Project Management, however, is associated with the forefathers of Project Management Henry 
Gantt and Henri Fayol which are both students of Frederic Taylor and have continued and 
developed his work.  
Frederic Taylor applied scientific reasoning to work by showing that labor, focusing on its 
elementary parts, can be analyzed and improved. Before then, the only 
way to improve productivity was to demand harder and longer hours from 
workers. 
 Henry Gantt developed the bar chart as a visual aid for planning 
and controlling the project process and he further use the bar chart to track 
progress by drawing a second line alongside the planned schedule to 
indicate work done. 
Henri Fayol is famous for his creation of the 5 management 
functions which form the foundation of the body of knowledge associated 
with project and program management. Fayol’s principles are fundamentally universe and apply to 
all types of management. 
In the 1950s Program Evaluation and Review Technique (PERT) and Critical Path Method 
(CPM) were developed. PERT was created for military purposes while CPM was a mathematical 
technique for management of complex projects that drives project management systems further with 
advances in scientific approaches.  
In the 1960s NASA experimented with matrix organization structure and introduced PERT 
type system that emphasized the need for cost control and the Work Breakthrough Structure. Also, 
NASA adopted configuration management to review and document proposed changes while earned 
value and project life-cycle terms appeared.  During the 1960s there is a dramatic rise in the number 
of projects, especially in construction industry, and modern project management techniques 
required. At the late 1960s two foundations are being formed; the International Project Management 
Association (IPMA) in 1967 grouping of over 20 international associations and Project 
Management Institute (PMI) in 1969 that introduce afterwards certifications and the PMBOK 
Guide, a guide to the Project Management Body of Knowledge, containing the standards and 
guidelines of practice that are widely used throughout the profession. 
Picture 2. 2 Henry Gantt 
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In the 1970s project management associations established project management as a 
profession while in the 1980s there was a significant increase in the influence of external 
stakeholders that put pressure on designers to find acceptable solutions for all the stakeholders.  
In 1990s and 2000s the new trend that emerged as comprehensive project management 
technique is Total Quality Management (TQM) and the introduction of the ISO certification. 
 
2.2 What is a project and what is Project management  
 
2.2.1 Projects 
 
Projects have a defined objective and a defined endpoint. Also, in projects people from different 
departments and duties combined forces in order a project to be accomplished. Projects do not have 
a routine but they are composed by unique elements. In addition, a project needs specific time, cost 
and performance requirements to be realized.   
 
2.2.2 Project management 
 
“Project management is the application of knowledge, skills, tools and techniques to project 
activities to achieve project requirements. Project management is accomplished through the 
application and integration of the project management processes of initiating, planning, executing, 
monitoring, controlling and closing” (PMBOK® 2004, p.8, www.pmi.org). Simply, Project 
management is the planning and the execution of projects.     
As it is mentioned in the international bibliography, projects have a life cycle. At the beginning 
there is the defining stage where specifications of the projects – objectives, teams, responsibilities – 
are defined and the planning where not only the project must be 
defined but also the way it should be done, who will participate to 
each stage of the project, what should be everyone’s role and tasks, 
what is the timeframe and the deadline for accomplishing the project, 
whether there is a budget or/and how it is estimated to cost the total 
project and what quality level should be maintained. Next it is the 
execution of the project which is a crucial part as even the most well-
designed and well-structured project can fail if there would be 
problematic execution or misalignments between specifications 
required and accomplished. In this stage it is important to have some measures in order to control 
the progress and take corrective actions. Finally it is the delivering stage where the final project is 
Picture 3.2 Process Groups  
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delivered to the customer that has ordered it. This stage includes customer’s training by experts, if 
necessary, for using or maintaining the outcome. Some of the equipment remains at the ownership 
of the project management team that may use them to a different project. After finishing each 
project there should be control and evaluation of the overall progress and outcome. 
 
2.2.2.1 Defining, planning and executing a project 
 
“Project estimation is indeed a yardstick for project cost control. And if the yardstick is faulty, 
you start on the “wrong foot” ” (Kharbanda & Pinto, p. 73) 
Past experience is very important in estimating a project’s requirements; however, there are 
additional factors that also should be taken under consideration. In defining a project it is essential 
to define the project’s scope - the major objectives to meet customer’s demand and the expected 
outputs over the life of the project. In addition technical requirements as well as limits and 
exclusions should be determined in order to ensure proper performance and eliminate failure 
possibilities respectively. The project scope should always starts and end with a review with the 
customer. Also, the project’s priorities should be established. So, there must be fixed parameters to 
constrain dates, specifications and the scope of the project as well as the budget. In addition, any 
opportunities appearing should be taken as advantage to enhance and add value to the project. In 
this point it is important to create the structure of the team so that can be functional. There is the 
need as well as to define the work and identify time to complete each task of the project and a time-
phased budget, the resources required, each person’s responsibilities for each tack. Also, it is 
important to identify monitoring points in order to measure project’s progress. 
 
Table 2.1 (Gray-Larsson, p. 107)  
 
 
 Project team 
Task R D Dv L E 
1 R S  S  
2 R S S   
3 R S S S  
4 S R S S  
5     R 
6    R S 
 
R = Responsible 
S = Supports/assists 
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2.2.2.2  Control, evaluation and delivery  
 
“Control is the process of comparing actual performance against plan to identify deviations, 
evaluate possible alternative courses of actions and take appropriate corrective action” (Gray-
Larsson, p. 421). First, there is the need of setting a baseline plan in order to have elements for 
measuring. The baseline is consisted of cost and duration, time-sequence data and resource 
scheduling decisions. Then, the progress and performance is being measured and compared against 
plan. It is critical that to have status reports frequently enough in order to early detect variations of 
the plan and take the corrective actions as soon as possible. When the project is completed the 
resources are able to be released and the ownership responsibilities are transferred to the customer 
owner.  
 
2.3 Other Project Management issues 
 
2.3.1 Gantt charts 
 
Gantt charts or bar charts are activities illustrated as bars on a horizontal timeline. The begging 
and the end of a bar coincides with the activity’s starting and ending dates. This format highlights 
the time and operational concurrency aspects of the schedule and clearly illustrates how activities 
are to be distributed over the projects timeline. Once activities requiring a particular resource have 
been identifying, the daily resource demand can be illustrated as a histogram. This allows the 
project manager to quickly have access resource requirements and allocate accordingly. 
 
 
2.3.2 Critical Chain Project Management (CCPM) 
 
 Critical Chain Project Management can be defined as the planning, scheduling and 
maintenance of the critical chain throughout the course of the project. The project manager, by 
giving priority to the critical chain, identifies and schedules tasks around the most constrained of the 
resources, increasing the probability of completing the project in less time than the critical path 
approach.  
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3.1 Program Evaluation and Review Technique (PERT) 
 
PERT or Program Evaluation and Review Technique is a network-based project management 
procedure. The PERT method was first used in planning the development of the Polaris Weapon 
System (USA Navy, 1958). Projects like this contracted while new developments are still unfolding 
and before many of the problems in technology, materials and processes have been identify. The 
concept was based on breaking the project down into individual components, activities, estimating 
the times required to complete the work and defining the precedence relations between them and 
estimating the project completion time with an associated probability distribution.  
PERT consists of some key-elements. First, there are the Activities, which are specific jobs or 
tasks that are components of a project. These are represented by arcs in a PERT/Critical Path 
Method (CPM) network. Second, there are activities called Immediate Predecessors that must 
immediately precede another given activity. Other elements of PERT are the events. An event 
occurs when all preceding activities have been completed and all immediately succeeding activities 
can begin so it is synonymous with a node and it is a specific point in time. In addition, there are the 
Dummy activities, which are fictitious activities with zero activity time used to create a PERT/CPM 
network. Also, there are events that represent points in projects of special significance. Usually it is 
the completion of a major phase of the work. These events are called milestones. 
Also, there are the time elements. Optimistic time (a) is a PERT activity time estimate based on 
the assumption that the activity will progress in an ideal manner. Most probable time (m) is a PERT 
activity time estimate for the most likely activity time. Pessimistic time (b) is a PERT activity time 
based on the assumption that the most unfavourable conditions occur while Expected activity time 
(t) is the average activity time. Earliest start time (ES) is the earliest time at which an activity may 
begin while Earliest finish time (EF) is the earliest time at which an activity may be completed. On 
the contrary, Latest start time (LS) is the latest time at which an activity may begin without delaying 
the complete project and Latest finish time (LF) is the latest time at which an activity may be 
completed without delaying the complete project. 
A sequence of branches (activities) connecting the origin and destination of a network create a 
Path while Critical path is the longest sequence of activities or path in a project management 
(PERT/CPM) network and determines the earliest completion of project work. The time it takes to 
traverse this path is the estimated project duration. A critical path is consisted of Critical activities 
that must be achieved by a certain time, having no latitude, slack or float. 
Forward pass is a calculation procedure moving forward through the network which determines 
the early start and early finish times for each activity. Backward pass is a calculation procedure 
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moving backwards through the network which determines the latest start and latest finish times for 
each activity. 
Slack is the length of time an activity can be delayed without affecting the project completion 
date. Critical path method (CPM) is model of project execution, a network-based project 
management procedure which includes the capability of crashing a network. A CPM network is a 
graphical representation of a project. The tasks and activities that compose the project are 
represented by arrows. The arrow tail and head represent the start and finish of an activity, 
respectively. The estimated time for the conclusion of an activity is called its duration. Crashing is 
the process of reducing an activity time by adding resources and hence usually cost. 
 
3.2 The steps of the PERT procedure 
 
The steps of the PERT procedure are as following. First, there must be developed a list of 
activities that make up the project, including immediate predecessors. Then, a network 
corresponding to the activity list developed in the previous step must be drawn and the expected 
activity time and the variance for each activity must be estimated. The next step is to determine the 
earliest start time and the earliest finish time for each activity, using the expected activity time 
estimates. The earliest finish time for the complete project corresponds to the earliest finish time for 
the last activity. This is the expected project completion time. Afterwards, by using the project 
completion time as the latest finishing time for the last activity, work backward through the network 
to compute the latest start and latest finish time for each activity. After, the slack associated with 
each activity must be computed; the critical path activities are the activities with zero slack. The last 
step is to use the variability in the activity times to estimate the variability of the project completion 
date; then, using this estimate, compute the probability of meeting a specified completion date. 
Earliest Start Time Rule is when the earliest start time for an activity leaving a particular node is 
equal to the largest value of the earliest finish times for all activities entering the node. Latest Finish 
Time Rule is when the latest finish time for an activity entering a particular node is equal to the 
smallest value of the latest starting times for all activities leaving the node. 
The variance in the project duration is given by the sum of the variance of the critical path 
activities, assumed that all the activity times are independent. 
A final assumption of PERT, that the distribution of the project completion time T follows a 
normal distribution, allowing drawing the distribution as following: 
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Table 3.1 The Normal Distribution 
 
The use of the normal distribution as an approximation is based on the central limit theorem 
(CLT), which indicates that the sum of independent activity times follows a normal distribution as 
the number of activities becomes large. With this distribution it can be computed the probability of 
meeting a specified project completion date. 
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4.1 The BETA Distribution 
 
“A beta distribution was considered by PERT developers as a possible distribution to 
characterize the activity time.” (Ahuja, Dozzi & Abourizk, p. 302). The beta distribution has certain 
advantages over other standard distributions which makes it more suitable to represent activity 
times. The bell-shaped don’t allow, for example, flexibility and requires that the duration spread be 
symmetric around the mean. A beta distribution is also bound between two points, which makes it 
more appropriate to finite modeling of activity times. Most PERT analysis assumes a “Beta 
distribution” for the job (activity) time as shown below: 
       
Figure 4.1 The Beta Probability Distribution 
 
Where μ represents the average length of the job duration (=t). The value of μ depends on how 
close the values of a (optimistic activity time) and b (pessimistic activity time) are relative to m 
(most likely activity time). This distribution is known to be flexible and accommodate empirical 
data that do not follow a normal distribution. The activity duration can be skewed more toward the 
high or low end of the data range. The project distribution represents the sum of the weighted 
averages of the activities on the critical path(s). Knowing the weighted average and variances for 
each activity allows the project manager to compute the probability of meeting different project 
durations. 
The expected time to complete an activity is approximated as 
 
    
      
 
 
Since the actual time may vary from its mean value, we need the variance of the job time. 
distribution is also bound between two points, which makes it more appropriate 
to finite modeling of activity times. Most PERT analysis assumes a “Beta 
distribution” for the job ( tivity) time as shown below: 
 
       scheme 4.1 The Beta Probability Distribution 
 
Where μ represents the average length of the job duration (=t). The value of μ 
depends on how close the values of a (optimistic activity time) and b (pessimistic 
activity time) are relative to m (most likely activity time). This distribution is known to 
be flexible and accommodate empirical data that do not follow a normal distribution. 
The activity duration can be skewed more toward the high or low end of the data 
range. The project distribution represents the sum of the weighted averages of the 
activities on the critical path(s). Knowing the weighted average  
m         μ 
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For most unimodal distributions (with single peak values), the end values lie within three 
standard deviations from the mean value. Thus, the spread of the distribution is equal to six times 
the standard deviation value (ζ). Thus 
 
           
   
 
      
   
 
 
 
 
 
There are two basic approaches to the CPM problem: 
 
1. The Enumerative Method (for small projects only) 
2. Mathematical Programming Methods (for large projects) 
 
For the critical path analysis it is assumed that every job has a normal completion time 
(maximum time) if no additional resources were assigned and a crash completion time (minimum 
time) with the maximum amount of resources. In addition, a cost versus time relationship is 
available for every job in the project. The project management problem is to determine the amount 
by which the various jobs are to crashed that will minimize the total cost of the project (direct and 
indirect) 
 
 
4.2 The Enumerative Method 
 
For small projects one could determine the optimal project schedule by this method. The 
basic idea behind this approach is that the project length can be reduced by reducing the duration of 
the critical jobs. Hence, the critical jobs are crashed as long as the cost of crashing is less than the 
reduction in overhead costs. The advantage of this approach is that if a team wants to compress a 
project schedule they will know both the critical path and other paths that may be nearly critical. 
The main difficulty with this approach is that the critical path of the project changes once one starts 
crashing the critical jobs. There are other practical problems in applying this method to a large 
project. An example of this method is the followed. 
There is a project that is consisted of eight jobs (A, B, C, D, E, F, G, H). The following are 
known for each job: 
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Table 4.1 Job description 
 
 
Given that the overhead costs per day are 5 € the optimal duration of the project must be 
determined, in terms of both crashing and overhead costs and to develop an optimal project 
schedule. 
 
 
Figure 4.2 Project’s network 
 
If all the jobs are done at their normal times, the project duration (length of the longest path) 
is 25 days. Hence, under a “no crashing” schedule, 
Total cost = overhead costs + crashing costs = €5 (25) + 0 = €125. 
 
If all the jobs were crashed to their minimum time, then the project duration is 17 days. 
Under this schedule, the total cost = €5 (17) + 47 = €132. The project management problem is to 
determine the optimal duration of jobs that will minimize the total cost. Using the normal times for 
the jobs, the earliest and latest occurrence times of the events are computed below: 
Job Predecessors Normal time 
(days) 
Crash time 
(days) 
Cost of crashing 
per day (€) 
A - 10 7 4 
B - 5 4 2 
C B 3 2 2 
D A, C 4 3 3 
E A, C 5 3 3 
F D 6 3 5 
G E 5 2 1 
H F, G 5 4 4 
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Figure 4.3 Project’s time network 
  
The project completion time is 25 days and the project network has two critical paths as 
shown below: 
 
 
Figure 4.4 Project’s network 
 
Between the nodes 3 and 6 we have parallel critical paths. The critical activities are jobs A, 
D, E, F, G and H. The total cost of the project under normal time is €125. To reduce the project 
duration it is necessary to reduce the duration of the critical jobs. Consider the critical job H, which 
can be crashed by 1 day at a cost of €4. This reduces the project duration by 1 day at a savings of €5 
in overhead costs. Hence, job H is crashed to its lowest limit of 4 days and the total cost is reduced 
to €124. 
Consider the crashing of job A now. This also results in a net savings of €1 in total cost for 
each day of crashing. But job A cannot be crashed to its minimum value of 7 days because when A 
is crashed to 8 days and C also become critical. This results in parallel critical paths between nodes 
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1 and 3 and any reduction in A alone will not reduce the project duration. Hence, job A is crashed 
only to 8 days and the total cost is reduced to €122. 
To reduce the project duration by one more day, we must crash job A by 1 day. The total 
cost of crashing A and B is €6, which is more than the savings in overhead costs. Similarly crashing 
A and C is also not economical. Now consider the critical jobs D, E, F and G. Since we have 
parallel critical paths between the nodes 3 and 6, we have to crash one job in the path 
, and one job in  to 
reduce the Project length. This means we must try four different combinations as shown below: 
 
Table 4.2 Four different combinations 
 
 
From the above table, we find that the combination D and G alone is economical and when 
we crash both jobs D and G by one day, the total cost reduces €121. No further crashing is 
economical. Hence, the optimal project schedule is  
 
Crash job A to 8 days; 
Crash job D to 3 days; 
Crash job G to 4 days; 
Crash job H to 4 days. 
  
Jobs B, C, E and F are completed at normal times 5, 3, 5 and 6 days, respectively. The 
optimal length of the project is 21 days and the minimum project cost is €121. 
 
 It should be noted that very large projects will generally contains many parallel critical paths 
and each critical path may have a large number of jobs. Examining all possible combinations of 
jobs in the parallel paths by the enumerative method will not only be inefficient but also expensive. 
Jobs Increase in 
Crashing Costs 
(€) 
Decrease in 
Crashing Costs 
(€) 
Net Changr in Total 
Cost 
(€) 
D and E 3+3=6 5 Increases by €1 
* D and G 3+1=4 5 Decreases by €1 
F and E 5+3=8 5 Increases by €3 
F and G 5+1=6 5 Decreases by €1 
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For example, if we have two parallel paths with 10 critical jobs in each, we will have to examine 
100 combinations of jobs for possible crashing. 
 
 
4.3 Mathematical programming methods 
 
For large projects and multiprojects, the mathematical programming methods are more 
efficient in determining the optimal project schedule. These procedures determine when an activity 
should be scheduled, given resource constrains. It is assumed that a cost -versus- time relationship 
is available for every job in the project as shown below: 
 
 
 
 
 
 
 
 
 
 
        lij                   Kij        tij 
Figure 4.5 Direct Cost 
 
4.3.1 Job duration versus direct cost 
 
We denote by Kij the normal completion time of job (I,j) if no additional resources were 
assigned while lij denotes the crash completion time with the maximum amount of resources. Cij 
represents the unit cost of shortening the duration of job (I,j). 
If tij is the completion time of job (I, j), then tij is an unknown variable between lij and kij 
and the cost of crashing is given by Cij * (kij - tij). Let tij be the unknown event times (i=1,…,n) for 
a project consisting of n events where events 1 and n denote the start and the end of the project. 
|Slope| = Cij
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4.3.2 Direct cost versus project duration 
 
 
 
 
 
 
 
 
 
 
 
        TMIN                   TMAX   T 
 
Figure 4.6 Total Direct Cost 
 
 
4.3.3 Job duration versus direct cost 
 
As shown in the Figure above, the direct cost of completion the project activities increases 
when the project duration is reduced. But the indirect costs reduce with a reduction in project 
duration. Hence, it will be of interest to study how the total cost – direct and indirect - varies with 
the project duration. For various project lengths the indirect cost is added to the direct cost and a 
plot of points is obtained to get a relationship between the project length and the total project cost.  
 
 
4.4 Project duration 
 
This U-shaped curve is called a project cost curve. With the help of this curve a project 
manager can select the optimal project duration (T*) that will minimize the total costs. 
Corresponding to the optimal value of T, it can be then determined the optimal durations of all the 
piecewise linear 
function 
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jobs, the cost of crashing and the critical path. From this information the optimal project schedule 
can be prepared. 
 
 
Model Linear Programming (LP) 
 
If the indirect cost of the project varies linearly with the project duration, then one can 
determine the optimal length of the project (T*) and the optimal project schedule by solving a linear 
programming problem. Let the indirect – overhead – costs proportional to the project duration be 
denoted by F per unit time. Then the indirect cost is given by F (tn-t1) where (tn-t1) is the unknown 
length of the project. 
The direct cost is given by                    where     is the unknown length of the job 
(i,j). The problem is to determine the optimal schedule that will minimize thr total cost. The linera 
programming formulation becomes: 
 
Minimize: Z= F(   -   ) +                    
Subject to:   -   ≥      for all jobs (i,j) 
      ≤     ≤      for all jobs (i,j) 
     ≥ 0  for all i=1, 2, …, n 
 
We can illustrate this model with the help of the previous example. Let     denote the 
completion time of job (i,j) and    be the time at which event I occurs. Then the duration of the 
project is (  -  ) and the overhead cost equals 5 is (  -  ). The direct costs are the costs of crashing 
each job, which are proportional to how the jobs are expedited. For instance, the cost of crashing 
job A is 4(10-   ) whereas for job B is 2(5-   ). Thus, the linear programming formulation of the 
project management problem becomes 
 
Minimize: Z = 5(  -  ) +  4(10-   ) +  2(5-   ) + 2(3-   ) + 3(4-   ) +  
3(5-   ) + 5(6-   ) + 1(5-   ) + 4(5-   ) 
  
Subject to:  t3 - t1 ≥ t13 
   t2 - t1 ≥ t12 
   t3 – t2 ≥ t23 
   t4 – t3 ≥ t34 
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   t5 – t3 ≥ t35 
   t6 – t4 ≥ t46 
   t6 – t5 ≥ t56 
   t7 – t6 ≥ t67     
     
7 ≤ t13 ≤ 10 
    4 ≤ t12 ≤ 5 
    2 ≤ t23 ≤ 3 
    3 ≤ t34 ≤ 4  
    3 ≤ t35 ≤ 5 
    3 ≤ t46 ≤ 6 
    2 ≤ t56 ≤ 5 
    4 ≤ t67 ≤ 5 
    
t1, t2, …, t7 ≥ 0 
 
The above linear program has 15 decision variables. Setting t1 = 0, an optimal solution is found by 
the simplex method as: 
 T2 = 5, t3 = 8, t4 = 11, t5 = 13, t6 = 17, t7 = 21, t13 = 8, t12 = 5, t23 = 3, t34 = 3, t35 = 5, t46 = 6, 
t56 = 4 and t67 = 4. The optimal project length is 21 days and the minimum cost of the project is 
€121. This means that job A is crash by 2 days, while jobs D, G, and H are each crashed by 1 day. 
All the jobs in the project are critical. 
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PERT/Cost is a technique designed to assist in the planning, scheduling and controlling of 
project cost. 
 
5.1 Purpose 
  
In business it is important to have a product on the market before competitors does. So, a 
criterion would be to maximize the probability of marketing as early as possible while minimizing 
the increase cost. The economic feasibility analysis of a network plan can improve the rate of return 
or enhance attractiveness of the project by further reducing project costs through the minimum cost 
solution.  The criteria for selection of a solution depend on the balance between time and cost 
parameters that the project manager wants to achieve. The purpose is to assess time versus cost 
tradeoffs in planning, scheduling and controlling a project. 
 
 
5.2 Cost considerations 
 
5.2.1 Cost categories 
 
 There are three major categories; direct cost which is the charge of labor, material etc. for 
the project, indirect cost which are termed the overhead, general and administrative expenses and 
opportunity costs such as penalties, bonuses. 
 
 
5.2.2 Typical costs relationships 
 
The relationships between the three basic types of costs, the direct, the indirect and the 
opportunity costs, can be described by the Figure below: 
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cost 
 
 
 
 
 
 
        Project duration 
 
Figure 5.1 Typical costs relationships 
 
 
5.3 Project time acceleration  
 
5.3.1 Outsourcing 
 
A common method for shortening the project time is by outsourcing some activities. The 
subcontractor(s) may have access to technology or know-how that will accelerate the completion of 
the activities. Outsourcing frees up resources that can be assigned to a critical activity and will 
ideally result in shorter project duration.  
 
5.3.2 Overtime 
 
The most common way to add labor to a project is not to add more people but to schedule overtime. 
By scheduling overtime the additional costs of coordination and communication can be avoid. 
Overtime is the preferred choice for accelerating project completion, especially when the project 
team is salaried. 
 
5.3.3 Comprise quality 
 
 Reducing quality is always a possibility but is rarely accepted or used. If quality is sacrificed 
it may be possible to reduce the time of an activity on the critical path. However, this is not an 
option that companies choose or admit that they do.  
Direct 
Indirect 
Opportunity 
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5.4  Terminology and procedure 
 
5.4.1 Crashing and uncompressing 
 
The most difficult task is to find the total costs for specific project durations over a relevant 
range and to decide which activities to shorten and how far to carry the shortening process. 
However, activity durations can often vary depending upon the type and amount of resources that 
are applied. Assigning more workers to a particular activity will normally result in a shorter 
duration. Greater speed may result in higher costs and lower quality, however. In this section, we 
shall consider the impacts of time, cost and quality tradeoffs in activity durations. 
 
In order to shorten duration of the overall project the critical activities must begin to get 
compressed one at a time. The rationale for selecting critical activities depends on identifying the 
activities normal and crash times and corresponding costs. Normal time for an activity represents 
low-cost, efficient methods for completing the activity under normal conditions. Shortening an 
activity is called crashing. The shortest possible time an activity can realistically be completed in is 
called its crash time. The direct cost for completing an activity in its crash time is call crush cost. 
The crash point represents the maximum time an activity can be compressed. (Cost slope=Crash 
cost-Normal cost/Normal time-Crash time).   
 
Selection of the next critical activity to compress is based upon an objective of minimizing the 
overall project’s total direct cost. The critical activity (i, j) having the minimum incremental cost of 
compression seems appealing. That is the critical activity being selected (i, j) which has the smallest 
Kij where, 
 
Kij = 
           
           
 
 
Note: CC= Cc  CN= Cn 
     TN= T TC= T 
 
and      is the normal duration of activity (i,j), i.e.     or    .      is the direct cost for activity 
(i, j) under normal conditions, i.e. direct cost associated with conducting activity (i, j) such that 
its duration is     .      is the duration of activity (i, j) under fully crashed conditions and      
is the direct cost for activity (i, j) under fully crashed conditions when the duration is     . 
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 So                 represents the maximum possible time reduction in the duration of 
activity (i, j). When an activity is compressed by this amount it is said to be fully crashed. When 
all of the activities in the project are fully crashed, this results in the minimum project duration 
known as the all-crashed time. The step – by – step process of crashing activities is terminated 
with minimum       when the total project duration reaches the all – crash time. At this point, 
further crashing is not possible along the critical path(s) and crashing of non-critical activities is, 
of course, a waste of resources. This crashing process does not guarantee that a minimum total 
direct cost for the project has been reached. As crashing takes place, the critical path(s) often 
change. This, coupled with the fact that a piecewise optimization procedure does not necessarily 
yield a global optimum, makes it necessary to review all non-critical activities to see if 
uncrashing (uncompressing) is possible. If there are activities which were at one point 
compressed and now no longer need to be, there should be uncompressed to recover some of the 
compression costs. Those non-critical compressed activities with the highest       are chosen 
first to recapture as much cost as possible. This uncompressing procedure terminates when there 
are no uncompressed non-critical activities remaining. That is, each activity is either fully 
uncompressed or has become critical. 
  
5.4.2 Optimizing 
 
 The procedure outlines above yields the minimum total direct cost as a function of total 
project duration. Selection of the optimal project duration must also incorporate the impact or 
indirect and opportunity costs. That is, in this paper, we seek to minimize: 
  
Total cost = direct cost + indirect cost + opportunity cost  
 
by selecting the optimal project duration. 
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6.1 The Service Provider 
 
6.1.1 Company’s profile1 
 
The Service Provider company is a Greek-owned document translation agency that has been 
providing translation services in more than 20 languages since 1991. Among clients can been found 
major Greek, European and multinational companies, law firms, financial management companies, 
international organizations and agencies. The company holds ISO 9001:2000 and ΕΝ 15038 
certification while international quality standards are uniformly applied to all everyday activities of 
the company. The work is evaluated by European certification agencies to ensure the most rigorous 
standards are adhered to in the process of translation and in relations with clients and suppliers.  
The company employs customized management systems to ensure ongoing evaluation of the 
quality of its translators' work and its compliance with the standards required and measures its 
performance regularly against a broad set of benchmarks, securing feedback from clients and 
associates through special questionnaires and monitoring dozens of indicators of performance 
measuring every aspect of its translation activities. This process of ongoing self-assessment is 
designed to serve one objective above all - optimizing service for its clients and ensuring their 
satisfaction. 
Project managers are aware at all times of all the critical dates involved in current translation 
projects (tender submission deadlines, interim deadlines for translators and proofreaders, invoice 
dates and so on). Customized software is used that allows project managers to monitor every stage 
in the translation process. Moreover, the company has the back-up resources to guarantee that the 
agreed deadlines will be met even when the original parameters have to be changed: additional 
translators can be found if the size of the original text is increased, a new translator can be found 
immediately if a colleague falls ill, additional technical support can be called in if unexpected 
technical problems should arise, and so on.  
 
6.1.2 Client’s profile 
 
The client is of high importance for the Service Provider. It is a company that has been 
researching and activating over 157 years in the development and improvement of technique in 
electrical installations globally, in order to meet the increasing demands of clients for safety and 
economy in all kinds of buildings such as plants, residences and public buildings. 
                                                          
1
 For confidentiality reasons the name of the company and the client mentioned are given only by their initials. 
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The company offers systems and implements for the electrical installation technology in 
buildings regardless of their size and usage. Starting from the electrical distribution board and 
reaching through the electrical loads, we can implement either simple or complex functions in 
buildings. Their products and systems are being sold to more than 120 countries. There are 20 
worldwide places where the company holds production plants. One of the most important of them 
lies in Greece. 
The company relies on the new European technique for intelligent electrical installations in 
buildings, the EIB technique, which nowadays, sets a new international standard introducing many 
new products and applications in hundreds of buildings around the world, including Greece of 
course. 
 
6.1.3 Project’s identity 
 
 The client intends to participate to a tender for a public contractual project. In order to do so 
the tender notice must be translated into English so that the parent company abroad can be informed 
about the details of the project, the requirements, the technical analysis etc. The volume that has to 
be translated is enormous while the time is really limited as the client has less than a month to fill in 
the tender. So the Service provider has to translate about 1,000 pages of technical, economical and 
legal documents within the tight deadline of three weeks while the translation must be assigned to 
qualified translators and revisers based on their availability and specialization. 
 Moreover, the client requires the best price as the volume is big and the amount that should 
be paid should be the best. In the meantime, the files are in pdf format, which means that they are 
not editable, so they must be formatted in MS word so that the team can accelerate the progress. 
 Finally, the deadline is very important and the client has asked partial delivery of the 
translated document in batches based on a priority set at the beginning of the project. 
 Project execution 
 In order for the project manager in charge for the project to estimate the total volume 
conversion of the files with an OCR program is required. After knowing the total volume, special 
analysis through translation tool and text analysis are conducted so that the project manager can 
evaluate apart of the volume, the difficulty and specialization required of the documents. In the 
meantime a second project manager makes the necessary contacts with freelance native speaker 
translators to ask them about their availability for the near future. As the project is consisted of 
different types of documents, legal, economic and technical, the project manager should seek for 
translators specialized in each field. The taylor made IT system can help as the project manager can 
track for the electronic data base translators based on their mother tongue, specialization and 
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experience in previous relating jobs. After having booked the resources required the project 
manager in charge prepares a quotation that is submitted for approval to the client. As the time is 
limited client has to confirm within the same day. 
 By the go ahead of the client the project team is informed and the project manager start 
formatting the files based on the priority set by client. The documents are sent to the translators 
which should have them translated as it is agreed based on the purchase order sent by the system. 
Once the translators have returned the document revisers start checking the English texts and then 
the files are been delivered to customer. However, problems such as translator’s delay to deliver or 
technical troubles forced to assign a file or part of a file to another translator. That means extra cost 
for the Service provider and more time for the revision stage. After receiving by the revisers of the 
final files quality checks are required and then the translated documents are delivered to customer. 
Then, the necessary closure activities, such as invoicing, payment statements etc, have to be done. 
 
6.1.4 The PERT application 
 
The above mentioned project is consisted of the activities below: 
Table  6.1.1 Table of Activities 
Activity Description Immediate 
Predecessors 
A Customer’s request - 
B Assignment of Project Manager in charge A 
C Files conversion with OCR program & total 
volume estimation 
B 
D Quotation submission B 
E Booking of resources necessary C 
F Customer’s acceptance D 
G Files assignment to translators  E, F 
H Files assignment to revisers G 
I Invoicing of the total project F 
J Quality check, delivering H, I 
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and the relevant PERT network is as follows:
 
Figure 6.1.1 
 
Table 6.1.2  Activities times (in days) 
Activity Optimistic 
(a) 
Most Probable 
(m) 
Pessimistic 
(b) 
Expected time 
(t) 
A 1 1.5 2 1.5 
B 0.25 0.5 1 0.54 
C 0.25 1 1.5 0.96 
D 0.5 1 2 1.08 
E 1 1.5 2.5 1.58 
F 1 2 3 2 
G 1 1.5 2.5 1.58 
H 1.5 2 3 2.08 
I 0.5 1 2 1.08 
J 1.5 2 3 2.08 
 
 
Σhe PERT/Cost theory 
 
Based on past experience, executives of companies can estimate how much time (in days) of 
each activity could be crashed and what would the cost (in euro) per crashing and per activity. 
In the table below there are details for each activity, normal time and cost as well as time and 
cost when crashing and the incremental cost of compression for each activity, by applying  
Kij = 
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Table 6.1.3 Time and cost data 
 
 
As we can see the normal total time of the project is 8.5 time units while the total direct cost is 
€280. All-crash time is equal to 4.7 hours and the relevant total direct cost will be €565. The first 
phase is the crashing, where we are crashing activities in order to reduce the duration of the total 
project. Fist we are crashing activity B as it has the minimum  Kij by 1 time unit which increases 
total direct cost by €4.9 to level of 280 + 4.9 = €284.90. The total time drops to 8.35. The second 
crash is actually a multiple step process due to the network configuration and the critical paths. 
Applying the step-by-step crashing rule, we seek out the critical activity with the minimum   . In 
Step 1 activity B is being crashing by another time unit which increases total direct cost by €4.9 to a 
new level of 284.90 + 4.9 = €289.80. As activity B cannot be crash any further we should crash now 
activity D which has the next smaller Kij , in Step 2, by one time unit adds €9.75 to total cost so that 
the new level is 289.80 + 9.75 = €299.55. Crashing activity D by one more time unit adds another 
€9.75 to total direct cost. Now total cost is equal to 299.55 + 9.75 = €309.30 and total project time 
drops to 7.85 units. The third crash, as with the second crash, will take more than one step. In first 
step we are crashing activity C by one unit which raises the total direct cost by €9.9 to a new level 
of €319.20 (309.30 + 9.9). In step 2 we are crashing activity E to its fullest which increases total 
direct cost to €338.70 and the total project time is now 7.35 hours. In Step 3 we crash activity F 
which adds €19.5 to total direct cost, but does, drop the total project time to 6.85 hours. The total 
cost is now 338.70 +19.5 = €358.20. The forth crash, as the two previous, is again a multi-step 
process. Fist, we are crashing activity G for a cost of €19.5. The total direct cost is now 358.20 + 
Activity                         
A 1 30 0.5 50 19.5 
B 0.25 10 0.1 45 4.9 
C 0.25 20 0.1 90 9.9 
D 0.5 20 0.25 50 9.75 
E 1 50 0.5 70 19.5 
F 1 20 0.5 40 19.5 
G 1 30 0.5 50 19.5 
H 1.5 30 1 50 29 
I 0.5 10 0.25 30 9.75 
J 1.5 60 1 90 49 
   4.7 565  
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19.5 = €377.70. In Step 2, we are crashing activity H, which has the longest duration, to its fullest. 
This crash drops the total project duration to 6.35 and increases the total cost by €29 to 377.70 + 29 
= €406.70. 
The second phase is the uncompressing process where we should examine whether there would 
be any activities which were unnecessarily compressed. At first there must be identified activities 
which shouldn’t have been crashed and that they may be uncompressed. There are two activities 
that do not contribute to time reduction that have been compressed in Phase I and no longer need to 
be, more specific these activities are B (in the second crash) and G. In following, there must be 
uncompressed the activities which most favourably impact total direct cost. Examining    = €4.9 
and    = €19.5 indicates that activity G should definitely be uncompressed to recover the most cost 
as well as activity B (in second crash). It should be stressed that the total direct cost is now 406.70 – 
19.5 – 4.9 = €382.30 or 182.70 € less than the all-crashed time cost of €565. 
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6.2.1 The construction company 
 
6.2.1 Company’s profile2 
 
The construction company of the Project is a consortium which undertook, by virtue of a 
contract with the Greek State, the design, construction, financing, operation and maintenance of the 
motorway for a period of 30 years, starting in 2008. The Shareholders of the consortium are all 
extremely experienced in designing and implementing large scale challenging projects in Greece 
and around the world. 
 VC (29.9%) is the world leader in integrated concessions-construction activities, and one of 
the world’s leading construction companies, operating in the fields of building, civil engineering, 
and hydraulic works. HPS (17%) focuses on the market segments of roads and social infrastructure 
and it is currently involved in a total of 25 PPP projects representing an investment volume of well 
over EUR 6 billion. JPA (17%) is the second largest construction company in Greece in terms of 
turnover and market capitalization and boasts substantial expertise and productive base with public 
works certificates of 7th, 6th and 4th class, as well as a considerable portfolio of concessions and 
subsidiary units with related activities, such as real estate, precast fabrication and b2b for 
constructions. AC (17%) is a leader in co-funded works and it also has a shareholding in the 
respective companies operating the works, gaining significant experience in the management of 
such works. GT (17%) is one of the largest and strongest Greek business groups in the fields of 
construction concessions, real estate and energy production from thermal and Renewable Sources, 
with a presence in the South – Eastern Europe and the Middle East. AT (2.1%) has a dynamic 
presence in the domestic and international engineering and construction public and private sectors 
since the early 1960s, which has enabled the firm to accumulate a very able and loyal staff as well 
as repeated domestic and international clientele. 
 
6.2.2 Project’s identity 
 
 The project is a modern motorway that will, ultimately, cover a total distance of 365 km and 
will run along a big geographical area of Greece, passing by and inking two of the biggest cities of 
Greece. One of the motorway’s sections is an existing three-lane motorway currently coping with 
heavy traffic volumes; another one existing section is a single carriageway that typically suffers 
                                                          
2
 For confidentiality reasons the names of the companies mentioned and the exact geographic areas are given only by 
their initials. 
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from heavy traffic jams and serious accidents. This section will be upgraded to a modern motorway, 
according to European standards. Beyond one of the cities, an entirely new modern motorway will 
be constructed, reutilizing only a small part of the existing National Road.  
The benefits after completion of the project will be increased road safety, time savings, 
regional development and new employment opportunities as well as benefits for the environment. 
More specifically, there will be no dangerous intersections with other road, traffic flow 
directions will be separated by safety barriers that significantly decrease risk of head-on collisions, 
traffic restrictions will apply to unauthorised vehicles such as heavy farming vehicles. In addition, 
the construction company will be monitored for emergency incidents round-the-clock. 
 After the full completion of the project, drivers will enjoy shorter journeys. Three common 
and regularly used routes will be closer about 20%, 30% and 40% saving approximately 15, 15, and 
30 minutes respectively. The project will boost the economic and tourist development of the region; 
businesses along the motorway will enjoy rapid and reliable transport conditions towards the zones 
of activity, tourism will also benefit as the new motorway will provide easier access to the 
outstanding places of interest. The project will also bring employment opportunities in the 
surrounding regions during the 6-year construction period and the 30-year operation period. 
 The following table describes the main parts/activities of the project with an estimation of 
the total length of each part: 
 
Table 6.2.1 Description of activities 
Part Section Length  
(in km) 
Description 
1 TE I/C – AC I/C 63.2 Modifications at existing motorway 
 
2 
 
AC I/C – P bypass first I/C 
 
120.0 
New motorway, generally located on the 
alignment of the existing New National 
Road 
3 P bypass first I/C – last I/C 18.3 Modifications at existing motorway 
 
4 
 
P bypass last I/C – Al I/C 
 
87.5 
New motorway, generally located away 
of the existing New National Road 
 
5 
 
Al I/C - Ts 
 
76.2 
New motorway, generally located on the 
alignment of the existing New National 
Road 
  
Total 
 
365.2 
Determination of the full length upon 
completion of the project 
 (I/C = interchange) 
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For the management of the project special administrative and management mechanisms 
were developed, supported by the design and application of new organizational structures and 
procedures, as well as innovative administrative tools, with the extensive use of new software 
programmes.  
 
6.2.3 The PERT application 
 
The above mentioned project is consisted of the activities below: 
 
Activity Description Immediate 
Predecessors 
A Concession Commencement Date - 
B Operation & maintenance  on the entire road of 
section I 
A 
C Maintenance and road safety measures one the 
existing national road 
A 
D Modifications on section I & II peripheral 
motorways 
B 
E Completion of sections III, IV & V B 
F Completion of section VI C, D 
G Completion of sections VII, VIII & the 
remaining section IX 
E, F 
 
table 6.2.2 
 
and the relevant PERT network is as follows: 
 
Figure 6.2.1 PERT network 
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Table 6.2.3 Activities times (in months) 
Activity Optimistic time 
(a) 
Most Probable time 
(m) 
Pessimistic time 
(b) 
Expected time 
(t) 
A 1 0,5 3 1 
B 3 2 5 2.67 
C 7 5 9 6 
D 5 3 6 3.83 
E 8 6 10 7 
F 4 3 5 3.5 
G 1 0.5 3 1 
 
The PERT/Cost theory 
 
Each activity was scheduled for the duration that resulted in the minimum direct cost. In this 
way, the time to complete the entire project might be too long and substantial penalties 
associated with the late project start-up might be incurred.  
 
Based on past experience, executives of companies can estimate how much time (in months) 
of each activity could be crashed and what would the cost (in mil. euros) per crashing and per 
activity. In the table below there are details for each activity, normal time and cost as well as 
time and cost when crashing and the incremental cost of compression for each activity, by 
applying Kij = 
           
           
 
Table 6.2.4 Time and cost data  
 
Activity                         
A 1 1 5 5 - 
B 3 2 5 12 7 
C 7 4 11 17 2 
D 5 3 10 12 1 
E 8 6 8.5 12.5 2 
F 4 2 8.5 16.5 4 
G 1 1 5 5 - 
   53 80  
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As we can see the normal total time of the project is 14 months while the total direct cost is 
€53. All-crash time is equal to 10 months and the relevant total direct cost will be €80. The first 
phase is the crashing where we are crashing activities in order to reduce the duration of the total 
project. Fist we are crashing activity D as it has the minimum  Kij by 1 time unit which increases 
total direct cost by €1 to level of 53 + 1 = €54. The total time drops to 13. The second crash is 
actually a multiple step process due to the network configuration and the critical paths. Applying 
the step-by-step crashing rule, we seek out the critical activity with the minimum   . The first step 
is to crash activity D by another time unit increases total direct cost by €1 to a new level of 54 + 1 = 
€55. In Step 2 we are crashing activity D by one more time unit which adds €2 to total cost so that 
the new level is 55 + 2 = €57. Activity E, which has the next smaller Kij,  is being crashing in Step 
3 by one time unit adding  another €2 to total direct cost. Now total cost is equal to 57 + 2 = €59 
and total project time finally drops to 12 units. As with the second crash, the third crash will take 
more than one step. In Step 1 we are crashing activity C by one unit which raises the total direct 
cost by €2 to a new level of €61 (59 + 2). Then, in Step 2, we are crashing activity E to its fullest 
and the total direct cost is being increased to €63, but total project time is still 12. In Step 3 we are 
crashing activity F which adds €4 to total direct cost, but does, at last, drop the total project time to 
11. The total cost is now 63 + 4 = €67. The forth crash, as the two previous, is again a multi-step 
process. Since its     is still small among CP activities, F is fully crashed in Step 1 for an 
incremental cost of €4. The total direct cost is now 67 + 4 = €71. In Step 2 we are crashing activity 
B to its fullest which drops the total project duration to 10 and increases the total cost by €7 to 71 + 
7 = €78. It should be noted that the all-crash time duration of 10 has been achieved without fully 
crashing all activities and the cost is €78 rather than the all-crash cost of €80. The question that 
remains is whether there would be any activities which are unnecessarily compressed. To examine 
this issue phase I must be ended in order to move on to phase II. 
The second phase is the uncompressing process. At first the non-critical activities which may be 
uncompressed must be identified. It is obvious that there are activities not on the critical path that 
have been compressed in Phase I and no longer need to be. There is one unit of time which may be 
released for activities C, D and F. In following, there must be uncompressed the activities which 
most favourably impact total direct cost. Examining    = €2,    = €1 and    = €4 indicates that 
activity F should be uncompressed to recover the most cost. It should be stressed that the total direct 
cost is now 78 - 4 = €74 or 6 € less than the all-crashed time cost of €80. 
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Chapter 7  Outcomes - Conclusion 
 
Chapter overview 
7.1 Outcomes  
7.2  Conclusion 
 
 
 
Figure 7.0 
Schematic representation of the contents of Chapter 7 
 
  
Chapter 7
Outcomes - Conclusion
7.1 Outcomes
7.2 Conclusion
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7.1 Outcomes  
 
As we can see in the two case studies the final cost for both of them is higher than it would 
be if the projects were executing in normal times; however, the final cost is lower than the total 
crash cost, as it was estimated in first place. We have controlled the cost by start crashing the 
activities with the lowest cost per unit of time reduction first and then examining if we should 
uncompress some activities that they shouldn’t have been compressed during the process. In 
addition, the total time needed for the completion of the projects has be reduced, as that was the 
case.  
The PERT/Cost approach described above relies on the assumptions that the normal cost for 
an activity is lower than the crash cost and the relationship between activity time and cost is a linear 
relationship. Also there must be resources available to shorten the activity. 
It is important to consider that in order to reduce time we may have to use overtime work or 
outsourcing. By scheduling weekend or overdue work, the completion time for an activity will be 
reduced but the cost will increase; the overtime or extra work should be paid to employers or the 
subcontractors – if we have chosen to outsource some parts of the project. Also, overtime work is 
more prone to accidents and quality problems that must be corrected, so indirect costs may also 
increase.  
Project managers have to decide how they should make project decisions that involve a large 
number of interrelated activities and to face the problems that may arise in areas such as product 
development, production planning and control and setting up of production facilities. PERT/Cost 
approach is an approach that can assist in the planning, scheduling and controlling of the overall 
project cost and time. Project managers should decide the optimal crash plan to complete the project 
within the desired time period.  
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7.2 Conclusion  
 
When the project is about the development of a new product, time-to-market may be 
extremely important as it gives the “first mover advantage” to companies and it may be beneficial to 
accelerate the project despite the fact that the final total cost would be cost is greater than the cost 
under normal execution time. In contract work, especially in the construction division, there may be 
incentive payments associated with early completion of the project or, on the contrary, penalties 
associated with delayed completion. A PERT/Cost model can be adapted to take such incentives 
and penalties into account when managers are planning and scheduling the project. 
There is always room for improvement in the way projects are managed. New theories that 
could be transformed into new innovative practices and approaches will arise, so new techniques 
and better practices will arise too as the boundaries are pushed. The new and bigger challenges 
make the word changing and the project management will need to change accordingly. 
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